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ABSTRACT 

CESIUM- 1 37  RETENTION  AND  DISTRIBUTION  IN 
X- IRRADIATED  RATS 


OBJECT 

""'^ersTUdy  the  influence  of  external  ionizing  radiation  on  the  re¬ 
tention  a.nd  <iistribution  of  the  long-lived  fission-product,  ce&iimi-137, 

■in  the  rat-  -  -  7  '  -  ■«  '/ 

r 

RESULTS  , 

Immediately  following  a  total  body  exposure  of  300,  600,  and  900  r 
of  250  kv  X-rays,  rats  were  injected  intraperitoneally  with  1  pc  solution 
of  cesium-137.  Rats  given  cesium-137  only  served  as  controls.  The 
X-irradiated  rats  excreted  more  cesium  over  the  three-day  period  fol¬ 
lowing  irradiation  exposure  than  did  the  control  group.  In  a  separate 
tissue  distribution  study,  the  largest  part  of  the  injected  cesium  dose 
was  found  in  the  muscle.  Cesium  was  also  concentrated  to  a  smaller 
extent  in  the  small  intestine,  liver,  bone,  and  large  intestine.  The  ir¬ 
radiated  rats  retained  less  cesium-137,  expressed  as  mean  per  cent  of 
injected  dose,  in  muscle,  bone,  blood,  small  intestine,  and  spleen; 
whereas  more  cesium  was  held  in  the  stomach  and  liver.  The  cesium 
content  of  whole  organs  was  reflected,  with  the  exception  of  stomach 
and  spleen,  to  the  same  extent  when  considered  on  an  organ  \init-weight 
basis. 

CONCLUSIONS 

V 

'  An  analysis  of  the  data  indicated  that  the  increased  cesium  excre¬ 
tion  in  the  X-irradiated  rats  was  primarily  related  to  the  greater  urine 
volume  (diuresis  accompanied  by  increased  water  intake)  in  these  rats 
resulting  from  radiation  exposure.  Increased  urine  excretion  of  cesium 
probably  accounted  for  most  of  the  Icrwer  values  observed  for  cesium  in 
the  organs  of  the  irradiated  rats.  The  gastrointestinal  concentrations 
of  cesium-137  are  explainable  on  the  basis  of  gastric  retention  and  de¬ 
layed  intestinal  motility  characteristic  of  the  rat  species  following  ir¬ 
radiation  exposure.  The  liver  concentration  may  be  related  to  its  cor¬ 
responding  weight  increase  follow’ing  irradiation  exposure;  whereas  the 
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spleen  appeared  to  lose  weight  at  a  greater  rate  than  it  lost  cesium.- 
The  failure  of  bone  in  the  irradiated,  rats  to  take  up  cesium  to  the  same 
extent  as  the  control  rats  may-  be  due  to  decreased  blood  concentration 
of-cesium  in  these  rats  or  it  may  reflect  direct  irradiation  effects  oh 
the  bone. 

RECOMMENDATIONS 


The  cesium-137  concentration  in -the  bone  of  X-irradialed  rats 
should  be  studied  for  various  radiation  doses  and  for  various  times  fol- 
Ic-wing  irradiation  exposure.  The  cesium- 137  distribution  in  rats  given 
a  diuretic  drug  should.be  studied  and  compared  with  the  findings  report¬ 
ed  in  this  study  for  X- irradiation  exposure. 
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I.  INTRODUCTION 

Although  the  animal  and  human  metabolism  of  fission-products 
has  been  extensively  explored,  the  influence  of  external  ionizing  radia¬ 
tion  on  the  uptake,  distribution,  and  excretion  of  such  elements  has  re¬ 
ceived  comparatively  little  attention.  Since  both  environmental  exposure 
and  clinical  toxicity  of  these  two  sources  of  radiation  may  be  interde¬ 
pendent,  an  experimental  investigation  of  their  combined  short  term’ ef¬ 
fects  in  mammals  has  been  undertaken. 

Ulmer,  Perkins,  and  Kereiakes  (1)  studied  the  distribution  of 
iodine-131  in  rats  2-1  hours  after  whole-body  X-irradiation  and  found 
marked  alterations  .compared  to  the- isotope  distribution  in  non- irradiated 
control  animals.  A  reduction  of  20  per  cent  in  »irinary  and  fecal  loss  of 
radioiodine  occurred  post-irra<liatioh.  As  a  consecpience,  increased 
radioactivity  appeared  in  tlie  blood,  most  of  the  organs,  and  particular¬ 
ly  in  the  contents  of  the  stomach  and  the  pelt. 

The  present  report  is  concerned  with  more  detailed  investigations 
of  the  retention  and  distribution  of  the  longer-lived  fission  product, 
cesium- 137,  in  rat  tissue  following  whole-body  radiation  exposure. 

II.  EXPERIMENTAL 


For  exposure  to  whole-body  X-irrad.iation  the  rats  were  placed 
two  at  a  time  in  a  shallow  Incite  cage.  X-rays  were  delivered  by  a 
General  Electric  Maxitron  Unit  operated  at  250  kvp,  30  ma,  4.  75  mm 
Be  inherent  filtration,  1  mm  Al  +  0.  5  mm  Cu  added  filtralioit,  HVL 
1.  1  mm  Cu.  The  dose  measured  in  air  with  a  250  r  Vicloreen  Ioniza¬ 
tion  Chamber  was  140  r/min  at  a  target-midline  rat  distance  of  50  cm. 

Cesium  Retention 


Male  Spraguc-Dawlcy  rats  weighing  160-250  grams  were  divided 
into  the  following  groups:  Cesium- 137  injected  only  (controls),  and 
cesium- 137  with  300  r,  600  r,  or  900  r  whole-body  radiation  exposure. 

Immediately  following  X-ray  exposure  the  rats  were  injected 
intrapcritoneally  with  1  ml  of  a  neutral  aqueous  solution  containing  1  pc 
of  cesium- 137  (chemical  form  -  CsCl).  An  aliquot  of  the  solution  was 
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set  aside  to  be  lused  as  a  standard.  The  rats  .were  housed  individually 
in  nietabolism  cages  to  allow  both  separation  and  quantitative  collection 
of  urine  and  feces  and  accurate  measurement  of  the  water  ingested. 

The  rats  were  starved  but  were  permitted  water  ad  libitum.  Control 
rats  (those  receiving  cesium- 137  but  not  irradiated)  were  handled  in 
the  same  manner  as  the  JLrradiated  rats.  Ten  minutes  after  injection 
of  the  isotope  the  animal  was^iaced  in  a  glass  tube  (1-3/4  inches  in 
diameter  by  8  iriches  long)  having  holes  at  one  ciid  for  air  and  a  rubber 
stopper  at  the  other  end.  The  rat  and  tube  were  placed  inside  the  well 
of  a  Nucleonic  Corporation  of  America  Supersensitive  Large- Well 
Goiger-'Counter  (Fig.  1).  The  well  in  this  counter  measures  2  inches 
in  diameter  by  12  inches  in  length.  This  well-counter  consists  of 
muiticylindrical  elements  with  mesh  walls  concentrically  arranged  a- 
round  the  well.  Its  pulse  size  and  shape  are  the  same  as  the  ordinary 
Geigcr-MQller  pulse.  However,  the  above  element  arrangement  over¬ 
comes  to  some  extent  the  recognized  limitations  of  the  ordinary  Geiger- 
counter,  e.  g. ,  namely  the  insensitivity  to  gamma  rays,  long  resolution 
time,  and  short  life.  The  well-counter  was  connected  to  a  Radiation  Count¬ 
er  Laboratory  Scaler  and  was  shielded  all  around  with  1-1/2  inches  of  lead. 

The  whole-body  count  measured  10  minutes  after  injection  of 
cesium  served  as  the  control  for  each  animal  (i.  e. ,  the  "100  per  cent 
whole-body  count").  Whole-body  counts'on  each  rat  were  repeated  at 
7  hours,  and  at  1,  2,  and  3  days  following  injection.  Total  water  in¬ 
gestion,  urine  volume,  and  feces  weight  were  measured  each  24  hours. 
Aliquots  of  urine  and  digested  feces  (after  digestion  in  nitric  acid) were 
placed  in  test  tubes  and  counted  with  a  Radiation  Counter  Laboratory 
Well-Type  Scintillation  counter  having  a  Nal  (Tl)  crystal. 

Cesium  Distribution 


Male  Sprague- Dawley  rats  weighing  170-220  grams  were -selected 
from  litter  mates  taken  after  weaning  and  housed  four  to  a  cage  until 
they  attained  the  desired' weight.  Immediately  after  exposure  to  ^00  r 
irradiation  under  the  conditions  described  above,  the  two  irradiated  rats 
as  well  as  two  control  (sham- irradiated)  litter  mates  were  injected  intra 
peritoneally  with  a  1  ml  saline  solution  containing  5  pc  ccsium-137.  At 
the  time  of  injection  an  aliquot  of  the  cesium  solution  was  set  aside  for 
use  as  a  standard.  The  animals  were  then  separately  housed  in  metab¬ 
olism  cages.  Food  was  withheld  but  water  was  given  ^  libitum. 

Twenty-four  hours  after  X-ray  exposure  the  rats  were  lightly 
anesthetized  with  ether  and  killed  by  exsanguination  from  the  abdominal 
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aorta.  The  major -internal  orgahs  were  removed  intact.  A. muscle 
sample  was  taken  from  the  left  thigh  while  the  right  gonad  and'right 
femur  were  utilized  for  analysis.  All  organs  were  stripped  o£  ex¬ 
traneous  connective  tissue,  washed  carefully,  blotted  dry^  and  weighed. 
The  contents  of  the  stomach,  small  intestine,  and  large  intestine  were 
included  in  the  analyses  of  these  organs;  feces  were  added  to  the  con¬ 
tents  of  the  large  intestine.  Whole  organs  or  1  to  2  gram  portions 
were  weighed  and  taken  for  analysis.  All  samples  were  wet  ashed  in 
hot  concentrated  nitric  acid  and  diluted  as  necessary  for  counting-. 
Samples  were  counted  in  a  volume  of  3  ml  in  the  well-type  scintillation 
counter  described  above. 

For  final  calculations j  muscle  was  considered  to  constitute  45 
per  cent  of  whole-body  weight  and  blood  volume  5.  3  ml  per  100  gram 
body  weight;  bone  weight  was  estimated  from  standard  tables-  (2). 

HI.  RESULTS 


Cesium  Retention 


The  results  of  the  retention  study  are  shown  in  Tables  1  and  2. 
Rats  receiving  ccsium-137  only  will  be  referred  to  as  the  control  group. 
The  body  weight  of  the  control  group  (food  withheld)  decreased  to  77.7 
per  cent  of  the  initial  body  weight  in  3  days;  whereas  the  body  weight  of 
the  irradiated  rats  decreased  to  74.  3  to  77.  2  per  cent  of  their  initial 
weight  during  this  time  interval. 

Exposure  to  ionizing  radiation  significantly  alters  the  retention  of 
cesium- 137  by  the  body  of  the  rat.  The  whole-body  content  of  this  iso¬ 
tope  at  7,  24,  48,  and  72  hours  after  exposure  to  irradiation  of  300  r  to 
900  r  is  shown  graphically  in  Figure  2.  Uniformly,  and  from  the  time 
of  earliest  measurement,  the  irradiated  animal  retained  less  cesium- 
137  than  did  the  corresponding  non- irradiated  controls.  Moreover, 
this  response  to  irradiation  was  of  progressively  greater  significance 
with  time,  being  most  marked  on  the  final  day  of  observation.  The  ef¬ 
fect  was  not  directly  proportional  to  radiation  dose,  however,  being 
maximal  in  those  animals  exposed  to  600  r. 

As  a  necessary  corollary,  exposvirc  to  ionizing  radiation  should 
significantly  increase  the  rate  of  elimination  of  cc-sium  in  rats.  This 
is  demonstrated  by  measurement  of  urinary  ccsium-137  radioactivity 
(Fig,  3),  In  all  instances,  urinary  excretion  of  the  isotope  is  increased 
subsequent  to  X- irradiation.  Excretion  by  this  route  was  maximal  on 
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the  first  day  after  exposure  to  X-ray  (up  to  12  per  cent  of  the  injected 
isotope)  and  fell  off  rapidly  thereafter-  The  quantity  of  radioactivity 
in  the  feces  was  small,  amounting  to  less  than  1  per  cent  of  the  injected 
dose  of  cesium  for  -both  groups  and  appeared  to  be  proportional  to  the 
volume  of  fecal  material  (Tables  1  and  2). 

Cesium  Distribution 


The  data  are  expressed  as  1)  mean  per  cent  of  injectfed  dose  per 
total  organ,  and  2)  mean  concentration  of  radioactivity  (counts  per  sec¬ 
ond  per  gram  of  sample  divided  by  counts  per  second  injected  per  gram 
of  body  weight)  (3).  The  latter  values  are  calculated  to  compensate  for 
changes  in  organ  weight  and  variations  in  body  weight.  These  results 
are  given  in  Table  3  along  with  calculations  for  the  "t"  test  ahd  prob¬ 
ability  values. 

In  both  control  and  X-irradiated  animals  the  greater  portion  of 
the  injected  isotope  was  found  in  muscle.  Analyses  of  the  other  tissues 
indicated  that  cesium  was  also  concentrated,  but,  to  a  lesser  extent,  in 
the  small  intestine,  liver,  bone,  and  large  intestine.  The  data  for  all 
the  tissues  studied  are  shown  graphically  in  Figure  4. 

Irradiated  rats  retained  less  cesium- 137  in  the  muscle  than  did 
control  rats,  probably  reflecting  increased  cesium  excretion  into  the 
urine.  As  in  the  retention  study  the  total  urine  volume  was  uniformly 
greater  in  the  irradiated  rats  and  was  accon\panied  by  increased  content 
of  cesium- 137.  There  was  a  correspondingly  greater  ingestion  of  water 
in  irradiated  animals.  The  blood  concentration  of  cesium  was  signifi¬ 
cantly  higher  in  the  control  rats.  There  was  no  significant  difference 
between  the  two  groups  in  the  24  hour  cesium  content  of  gonads,  heart, 
kidneys,  and  large  intestine.  Bone,  small  intestine,  and  spleen  retain¬ 
ed  less  cesium  in  the  irradiated  rats,  while  the  liver  and  stomach  con¬ 
tained  greater  concentrations  of  the  isotope. 

The  distribution  of  cesium  was,  in  general,  unchanged  when  cal¬ 
culated  on  a  unit  weight  basis.  Two  exceptions  were  the  spleen  and  the 
stomach  plus  contents.  On  a  unit  weight  basis,  the  spleen  retained 
more  and  the  stctnach  less  cesium  in  the  irradiated  rats. 

IV.  DISCUSSION 


Cesium- 137  has  a  half-life  of  30  years  and  emits  1.17  Mev  (8  per 
cent)  and  0.  51  Mev  (92  per  cent)  beta  particles  followed  by  0.  662  Mev 
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gamma  rays.  As  one  of  the  alkali  metals,  it  would  be  predicted  that 
the  organ  distribution  of  cesium  should  resemble  that  of  potassium. 

In  this  regard  .excretion  and  distribution  studies  with  the  fission  prod¬ 
ucts,  cesium- 135  and  cesium- 138,  were  reported  by  Hamilton  (4),  who 
found  a  relatively  high  accumulation  in  the  soft  tissues,  especially  mus¬ 
cle,  and  a  low  uptake  in  the  skeleton."  Absorption  from  the  intestinal 
tract  was  found  to  be  100  per  cent  after  ingestion  with  about  50  per  cent 
being  excreted  within  10 -days. 

Hood  and  Comar  (5,  (x)  studied  the  metabolism  of  cesium- 137  in 
the  rat.  Cesium  was  widely  distributed  in  the  body.  Skeletal  accumu¬ 
lation,  represented  by  isotope  concentration  in  the  femur,  was  found  to 
be  quite  small.  The  greatest  accumulation  and  most  tenacious  retention 
was  in  muscle  tissue,  although  this  tissue  accumulated  cesium -at  a 
slightly  lower  rate  over  the  first  week  than  did  liver,  spleen,  and  kidney. 
Blood  always  had  the  lowest  concentration,  so  the  tissues  may  have 
taken  up  cesium  against  a  concentration  gradient. 

Ballou  and  Thompson  (7)  investigated  the  effect  of  acute  and  chronic 
administration  of  cesium- 137  in  rats.  The  experiments  on  acute  admini¬ 
stration  of  the  element  were  of  particular  interest  to  the  present  discus¬ 
sion.  After  a  single  dose  the  retention  of  cesium- 137  was  followed  in 
eleven  organs  and  tissues  for  a  period  of  200  days.  Muscle  was  again 
found  to  be  the  critical  organ. 

The  present  study  both  confirms  results  in  the  distribution  of 
cesium  reported  by  other  workers  and  extends  these  data  to  encompass 
the  effect  of  the  added  stress  of  external  whole-body  irradiation  ex¬ 
posure.  The  results  clearly  indicate  a  greater  excretion  of  cesium- 
137  in  the  irradiated  rats,  quite  probably  related  to  the  increased 
urinary  volume  in  these  animals.  Hence  a  major  increase  in  the  ex¬ 
cretion  of  this  isotope  apparently  may  be  brought  about  by  inducing 
diuresis.  To  ascertain  if,  indeed,  such  urinary  losses  of  cesium  in 
irradiated  animals  exceeded  the  control  values  primarily  as  a  function 
of  increased  urinary  volume,  the  observations  for  the  3  days  were 
pooled  and  normalized  by  assuming  that  tl»o  number  of  counts  per  urine 
sample  was  a  constant  fraction  of  the  urine  volume.  Tlie  difference  be¬ 
tween  the  observed  urine  counts  and  those  predicted  on  the  basis  of  the 
changes  in  urinary  volume  wore  then  obtained.  There  was  no  significant 
difference  between  the  observed  and  predicted  urine  counts,  strongly 
suggesting  that  the  urinary  losses  of  cesium  in  the  irradiated  animals 
and  increased  urinary  volume  arc  causally  related  phenomena. 
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The  water  metabolism  in  the  rat  foUowing  X- irradiation  has  been 
studied  by  Edelmann  (8,9).  Both  ingestion  and  excretion  of  water  are 
increased  on  the  first  day  after  irradiation  and  are  proportional  to  log 
■dose,  at  least  in  the  range  of  75  r  to  600  r.  If  the  fluid  intake  was 
restricted  for  24  hours  immediately  following  irradiation,  urinary 
volume  still  increased.  Hence  Edelmann  felt  that  diuresis  preceded 
and  may,  in  fact,  be  the  cause  of  polydipsia.  Serum  taken  from  the 
irradiated  rats  within  24  hours  after  exposure  to  irradiation  and  assay¬ 
ed  for  an  "antidiuretic  substance,  "  probably  the  antidiuretic  factor  of 
the  posterior  lobe  of  the  pituitary  gland,  was  found  to  contain  smaller 
concentrations  of  this  substance  than  did  the.  serum  of  unirradiated  con¬ 
trols.  At  least  the  first  period  of  diuresis,  therefore,  coincides  with 
a  decreased  amount  of  circulating  antidiuretic  substance.  It  would  ap¬ 
pear  that  cesium  in  body  water  would  be  markedly  affected  by  this 
diuresis  and  the  concomitantly  increased  water  intake  contributing,  in 
a  great  part,  to  the  differences  in  the  excretion  of  the  element. 

If  the  tissue  deposition  of  cesium  is  examined  further,  several 
interesting  features  are  noted.  In  general,  the  organs  of  irradiated 
animals  contained  less  cesium,  as  would  be  predicted  from  the  greater 
urinary  losses  in  this  group  (Table  3).  The  increased  gastrointestinal 
concentration  of  cesiiim,  probably  due  to  gastric  retention  and  delayed 
intestinal  motility  (10,  11),  may  also  influence  the  distribution  pattern. 
Although  there  is  more  total  cesium  in  the  stomach  of  irradiated  ani¬ 
mals  than  in  the  control  group,  it  is  more  dilute  and  accounts  for  the 
lesser  cesium  concentration  in 'the  adjoining  small  intestine.  The 
variations,  in  concentrations  of  cesium  in  the  liver  and  spleen  are  rhpst 
likely  related  to  weight  changes  in  these  organs  subsequent  to  irradia¬ 
tion.  The  liver  weight  increased  by  24  per  cent  at  24  hours  in  the  ir¬ 
radiated  rats.  It  has  been  postulated  that  such  a  post-irradiation  in¬ 
crease  in  liver  size  is  due  to  an  increase  in  glycogen  storage  (12).  The 
mean  weight  of  the  spleens  in  the  irradiated  rats  decreased  by  about  50 
per  cent  at  24  hours.  It  would  appear  that  the  spleen  in  these  animals 
lost  weight  at  a  greater  rate  than  it  lost  cesium. 

Of  considerable  interest  is  the  striking  failure  of  bone  in  the  irrad¬ 
iated  animal  to  take  up  cesium  at  24  hours  to  the  e.xtcnt  which  occurs  in 
the  control  animal.  The  concentrations  in  bone  may  be  due  to  decreased 
blood  concentration  of  cesium  in  these  rats  or  it  may  reflect  direct  ir¬ 
radiation  effects  on  bone.  A  further  detailed  study  of  this  phenomenon  is 
warranted. 

V.  CONCLUSIONS 

An  analysis  of  the  data  indicated  that  the  increased  cesium  excre¬ 
tion  in  the  X- irradiated  rats  was  primarily  related  to  the  greater  urine 
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volume  (diuresis  accompanied  by  increased  water  intake)  in-these  rats 
resulting  from,  radiation  exposure.  Increased  urine  excretion  of  cesium 
probably  accounted  for  most  of  the  lower  values  'observed  for  cesium 
in  the  organs  of  the  irradiated  rats.  The  gastrointestinal  concentrations 
of  cesium-137  are  explainable  on  the  basis  of  gastric  retention  and  de¬ 
layed  intestinal  motility  characteristic  of  the  rat  species  following  ir¬ 
radiation  .exposure.  The  liver  concentration  may  be  related  to  its  cor¬ 
responding  weight  increase  following  irradiation  exposure;  whereas  the 
spleen  appeared  to  lose  weight  at  a  greater  rate  than  it  lost  cesium. 

The  failure  of  bone  in  the  irradiated  rats  to  take  up  cesium  to  the  same 
extent  as  the  control  rats  may  be  due  to  decreased  blood -concentration 
of  cesium  in  these  rats  or  it  may  reflect  direct  irradiation  effects  on 
the  bone. 

VI.  RECOMMENDATIONS 

The  cesium- 137  concentration  in  the -bone  of  X.- irradiated  rats 
should  be  studied  for  various  radiation  doses  and  for  various  times  fol¬ 
lowing  irradiation  exposure. 

The  cesium- 137  distribution  in  rats  given  a  diuretic  drug  should 
be  compared  with  the  findings  reported  in  this  study  for  X- irradiation 
exposure. 
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Whole  Body 

(  Per  Cent  of  Initial  Count) 


Fig.  i.  Sfiiall  animal  whole-body  counting  arrangement. 


Days  Following  Cesium-137  I njection 


Fig.  2.  Ccsium-137  retention  in  starved  control  and  X- 
irradiated  rats. 


9 


^  6 
o 


Days  Fotlowing  Cesium  tI37  Injeclion 

Fig.  3.  Urine  excretion  of  cesium'- 137  (mean  per  cent  of  in¬ 
jected  dose)  in  starved  control  and  X-irradialcd  rats. 

MEANV,  of  INJECTED  DOSE  CCSlUM-157  ot  24  HOURS 
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SPLEEN! 


Fig.  4.  Twenty-four  hour  distribution  of  cesium- 137  in 
starved  control  and  X- irradiated  rats. 
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table  1 


■  EFFECT  OF  STAIiVATION  I'd  X-IHRADIATEO  RATS 


Condition 

Time  Folio* inq 

Body 

Teight 

Feces 

Urine 

• 

Water 

’Dtposure 

Vei^t 

Volume 

Intalce 

^2il 

grosis 

grans 

0*1 

1 

98.9 

± 

1.9  (181*  1.07  t  .54 

(17) 

• 

17  t  7 

(17)* 

13 

t8  417)* 

Cesiua* 137 
.only 

2 

82.9 

t 

2.S  (18) 

.42  1  .30 

(17) 

C  t  3 

(15) 

7 

±  4  (IS) 

3 

77.7 

± 

3.0  (18) 

.32  1  .18 

(17) 

4  t  3 

(17) 

4 

±  2 

1 

88.9 

i 

l.S  (9) 

J1  1  .28 

(9) 

29  t  11 

(10) 

22 

1  11  (10) 

Cesiun*137 
and  300  r 

2 

82.7 

i 

l.S  (10) 

.31  1  .18 

(9) 

8  t  6 

(10) 

9 

t  7  (10) 

3 

7C.» 

i 

2.2  (10) 

.76  ±  .41 

(10) 

4  t  4 

(10) 

3 

t  3  (10) 

1 

91.0 

t 

1.6  (13) 

.39  1  .20 

(12) 

41  t  15 

(14) 

45 

±  13  (13) 

Cesiun-137 
and  COO  r 

2 

83.2 

1 

2.1  (14) 

.34  1  .30 

(12) 

22  ±  12 

(14) 

18 

t  10  (12) 

3 

77.2 

1 

2.4  (14) 

.54  1  .23 

(14) 

5  ±  4 

(14) 

-6 

t  4  (14) 

1 

88.2 

t 

2.3  (19) 

.46  1  .40 

(17) 

51  ±  13 

(U) 

44 

1  26  (16) 

Cesiun- 137 
and  900  r 

2 

80.4 

1 

3.4  (19) 

.38  1  .38 

(14) 

26  i  11 

(7) 

26 

±  12  (18) 

3 

74,3 

* 

3.3  (18) 

.40  i..20 

(17) 

8  i  3 

(10) 

•  7 

i  5  (19) 

'Nunters  in 

parenthesis  indicate  nurfcer  of  rats 

• 

■  Table  2 

CESIUM. 

137  RETENTION 

IN.X. IRRAOIATEO  RATS 

Condition 

Time  Pollosino 
Ijtposure 

Total 

Body 

Urine 

Feces 

^22* 

Ti  of  injected 

•  O 

0 

5  injected 

•  y 

of  Injected 

.007 

94.5  1  2.9 

(18)* 

. 

* 

CesiuB-137 

1 

88.7  1  1.9 

(17) 

6.8 

1 

1.8  (16) 

• 

0.8 

t  0.4  (12)* 

only 

2  ^ 

84.5  i  2.8 

(17) 

2.6 

1 

0.4  (13) 

0.5 

i  0.3  (13) 

3 

79.8  i  2.9 

(17) 

2.5 

i 

1.4  (16) 

0.4 

i  0,2  (16) 

.007 

94.8  t  0.9 

(8) 

• 

Ces  iuB- 137 

1 

87.3  1  l.S 

(9) 

9.4 

1 

1.3  (10) 

0.2 

i  0.1  (8) 

and  300  r 

2 

83.7  1  1.4 

(9) 

2.8 

1 

0.8  (10) 

0.4 

■t  0.2  (10) 

3 

78.2  1  1.3 

(8) 

2.6 

t 

0,8  (10) 

0.6 

i  0.3  (9) 

.007 

91.7  i  1.8 

(13) 

. 

« 

CesiuK' 137 

1 

83.4  i  1.9 

(13) 

11.7 

3 

2.5  (14) 

0.4 

i  0.3  (13) 

and  COO  r 

2 

77.4  s  2.9 

(13) 

4.3 

i 

0.6  (13) 

0.4 

1  0.2  (13) 

3 

73.4  1  2.9 

(13) 

2.6 

i 

0.6  (13) 

0.4 

t  0.2  (14) 

,007 

93.8  1  1.8 

(18) 

• 

• 

Cesium*  137 

1 

8M  i  3.0 

(18) 

9.7 

i 

2.3  (18) 

0.4 

1  0.4  (18) 

and  900  r 

2 

80.0  }  3.5 

(18) 

5.5 

i 

I.l  (14) 

0.3 

i  0.3  (14) 

3 

74.5  1  3.9 

(18) 

3.4 

i 

0.8  (17) 

0.4 

1  0.3  (18) 

^NSjchtfra  in  parenthesis  indicate  nusitcr  of  rat*. 
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Technical  library  Brunch 

1  US  Arny  Chemical  Research  and  Development  laboratories.  Technical  library.  Ruilding  330. 
Army  Chemical  Center,  Miryland,  Attn;  librarian 

1  US  Army  Corrmand  and  General  Staff  College  Library  Services  Br.  Ft.  Iz.'ovcnworth  Kansas. 

Attn;  Archives 

1  US  Army  Disgensary,  Springfield  Arr.ory.  Springfielu,  Massachusetts.  Attn:  Medical 
Adiriiiiis tiative  Officer 

I  US  Army  Engineer  Research  and  Development  L/iboratories.  Fort  Pelvoir.  Virginia.  Attn: 
Technu'el  Document*  Center 

I  US  Aimy  iiivironncntul  Hygiene  Ag-.eicy,  Aimy  Chemical  C'enter,  Maryland 

1  US  Army  Euio|e,  M.-dical  Divisitn.  Phsis  and  0{>eratiuns  Branch,  AIT)  403.  Ne*  York.  N  Y. 

I  UK  Arny  Euroije,  Medical  Inborutoiy,  Depirtment  of  Microbiology,  AlY)  180.  U.  S.  Forces, 

New  York,  Now  York 

1  US  Army  Hospital,  Mr.-dic<il  Library,  Office  of  tlie  Commanding  Officer,  Fort  Lee.  Virginia 

1  US  Army  Hawaii,  Comnnnd ing  G.'neral,  AtX)  S57,  San  Francisco,  California,  Attn:  Surgecq 


US  ARMY  •  CCNTINUED 


I 


No,  of 
Copies 

1  US  Amy.  CoiTOndinq  General.  I  Cprps  Crsup,  APO-35S,  Scs-Franciaco.  Oalif'ornia.  Attn: 
Sur9^ 

1  US  Arny.  C^scmdinq  Generol.  7th  Logistical  Coucuid.  AFO  612.  Son  franclsco.  California. 
Attn:  Su'r9eaa 

1  US  Amy.  OcwlKinding  General  -6th  United  States  Arsy.-AH).  301.  Son  Francisco.  California 
Attn:  Surijeon 

1  US  Amy.  Japan.  Connanding  General.  APO  343,  San  Trancisco,  California,  Attn:  Surgeon 

1  US  Arny  leadership.  Humm  Research  Unit. -Post  Office  Box  787,  (y-esidio  of  Monterey. 

..  California,  Attn:  Library 

2  US  Army  Liaison  CrdUp.  Project  Michigan,  Willoe  Bun  Icboratories.  Tpsilonti,  Michigan 

1  US  Amy  Medical  Coanund  japan.  Medical  General  laboratory  M06)/P0  343,  San  Froncinco, 

California.  Attn:  Colonel  Carl  F.  Tessner.  MC.  Comanding 

2  US  Army  Medical  Liaiscm  Branch,  Office  of  the  Chief  Surgeon,  Gorgas  Hospital,  Balboa 

Heights.  Canal  Zone 

3  US  Army  'iedical  Research  and  Sfevelopeent  Cominoad.  Coomonding  General,  Main -Navy -Buildina. 

Washington  25.  D.  C. 

1  US  Army  Medical  Research  Unit,  Europe.  Commanding  Officer,  APO  180.  New  York.  New  York 

1  US  Army  Medical  Research  Unit.  Coamonding  Officer,  Institute  for  Medical  Research.  Kuala 

lumpur.  Malaya 

1  US  Army  Medical  Research  Unit,  Commanding  Officer,  fbnama -Field,  Fort  Claytm,  Canal  Zone 

1  US  Army  Ryukyu  Islands.  IX  Corps,  Conranding  &.-neral.  APO  331,  San  Francisco.  California. 
Attn:  Surgeon 

1  US  Army  Ordnance  Humcn  Engineering  laboratories.  Aberdeen  pro/inq  Ground,  Maryland 

1  US  Arny  Ordnance  Arsenal.  Fronkford.  Philadelphia  37,  Pennsylvania.  Attn:  CRDBA-1734;f65.I 

2  US  Army  Ordnance  Tank-Automotive  Command,  Detroit  Arsenal',  Center  Line,  Michigan 

1  US  Army  Research  Office,  Office  of  Chief  Rc-Seorck  and  Development  Cmmand,  Washington  2S, 

D.  C.,  Attn:  -.Scientific  Information  Branch 

I  US  Arny  Signal  Research  and  Development  laboratories.  Commanding  Officer,  Fort  Monmouth. 
New  Jersey,  Attn:  Sig  FM/EL-AIfTE 

1  US  Army  Standardization  Group,  Canada.  Office  of  the  Senior  Stohdordization  Representative, 
c/o  US  Army  Attache.  US  Embassy,  Ottawa,  Oitario.  Canodo 

1  US  Army  Transportatiai  Research  Command,  Fort  Eustis,  Virginia,  Attn:  Research  Reference 
Center 


I 

1 

1 

3 

1 

1 

1 


US  Army  Tropical  Research  PVdica]  laboratory,  APO  851,  New  York,  New  York 

US  Continental  Army  Command,  Medical  Section,  Fort  Monroe,  Virginia 

Walter  Reed  Army  Irtstitute  of  Research  Department  of  Atomic  Casualties  Studies.  Walter 
Heed  Army  .NfedicaJ  Center,  Washington  12,  D.  C. 

Walter  Reed  Army  Institute  of  Research,  Director.  Walter  Reed  Army  Medical  Center. 
Washington  12,  D.  C, 


Institute  of  Research,  Division  of  Neuropsychiatry,  Office  of  the  Director 
Washington  12,  D,  C 


Walter  Reed  Army  Institute  of  Research.  Uo  Army  lYosthetics  Research  laboratory. 
Officer,  Walter  Reed  Army  M.-dical  Center,  Washington  12,  D.  C  ’ 


Commanding 


Walter  Reed  Army  Medical  Center.  US  Army  Medidal  Service.  Historical  Unit.  Washington  12, 


2 

3 


ACrjJCY  •  US  NAVY 

IS?  ors"'  .b. 

Bureau  of  Naval  Weapons  ( DLI-  311  Department  of  the  Navy.  Washington  25.  D.  C. 


Ko.  of  US  NAVT  -  CCNint!ftja> 

Copies 

2  Bureau  of  Yords  <o*d  Docks,  Oepcrtsent  of  the  Kdvy,  Washington  2S.  D.  C,,  .  Attn:  Code 
D-440 

1  Chief  of  Naval  Operations  {C^jOSEGI  Operations  evaluation  Group.  Departrent  of  the  Navy. 
Washington  2$.  D.  C. 

1  Naval  l<edical  Reseordj  Institute.  Technical  Reference  Library.  National  Naval  Nedical 
Center.  Bethesda.  14.  Maryland 

1  Office  of  Naval  Resecrch  (Code  408),  Departnent  of  the  Navy.  Special  Assistant  for  Medical 
and  Allied  Sciences.  Washington  25.  P.  C, 

10  Office  gf  ■Nav’a L  Research  Briihch  Office.  Navy  100.  Box  39.  Fleet  Post  Office.  New -York. 

New  York.  A'tn:  Victoria  S,  Creskoula.  Head.  Adninistratice  and  Technical  Service  Br. 

I  US  Naval  Air  Developeent  Center.  Sisulation  Branch.  Aeronautical  Instrument  Laboratory. 
Johns vi He.  Penrsylvania 

1  US  Naval  Air  Develepcent  Center.  Aviation  Medical  Acceleration  laboratory.  J,<iinsville. 
Pennsylvania.  Attn:  Library 

1  US  Na.val  Civil  Fnijiaeering  laboratory.  Co-tKonding  Officer  and  Director  (Code  L31)  Port 

Hueneae.  California 

2  US  Naval  Missile  Center.  Commander,  point  S\>gu,  California,  Attn:  Technical  Library 
1  15  Naval  ^V?aical  School,  Nationol  Nova]  Medical  Center.  Bethesda,  14,  Maryland 

1  US  Naval  iWdical  Research  laboratory.  Box  100.  US  Naval  Submarine  Base.  New  London.  Conn., 
Attn:  Technical  Library,  Code  Sill 

1  US  Naval  Ordnance  Test  Station.  The  Sfenical  Officer  (Code  88),  Station  Hospital.  Oiica 
lake.  California 

1  U5  Naval  Raaiological  Defense  laboratory.  Cowiranaing  Officer  and  Director  (222).  San 

Francisco  24,  California 

2  US  Naval  School  of  Aviation  Meaicine.  US  NavoJ  Aviation  Medical  Center  •  54,  Pensacola, 

Florida 

1  US  Naval  Supply  Research  and  Development  Facility,  Clothing  and  Textile  Division.  3rd 

Avenue  and  29th  Street,  Brooklyn  32,  New  York,  Attn:  Librory 

2  US  Naval  Training  l>?vice  Center,  Husion  engineering  Departnent.  Code  34,  Port  Washington, 

New  York 

1  US  Naval  Weapons  Plant.  Ijc|>erir«nta)  Diving  Unit,  Washington  25.  D,  C. 

ACFNCY  •  AIR  FORCE 

I  Air  Force  Fli<^t  Test  Center,  Human  Factors  Bronch  (ITlTH)  Edwards  Air  Force  Base. 

Cal ifornia 

AIR  RESEARai  AND  K'A'F.LOPIENT  COMMAND 

1  Air  Research  and  Envelopment  Command.  US  Air  Force  (RCGBL)  Andrews  Air  Force  Base, 

Washington  25,  D.  C. 

2  Air  Research  end  Eevelopoent  Cormand,  Rone  Air  mvelopment  Center,  US  Air  Force,  Griffis* 

Air  Force  Base,  New  York 

'  I  Air  Development  Division,  US  Air  Force.  ¥right*Pitterscn  Air  Force  Base,  Chio,  Attn: 
W'#HDAS  Library 

I  Air  Training  Cocmcca  IMCSG*P)  Randolpj  Air  Force  Base,  Texas 

1  Arctic  Aeromeaicai  laboratory,  Cenmunder.  Ar0  73l,  Seattle,  Washington,  Attn:  Librarian 
L  Assistant  for  Ground  Safety,  DCS/P,  Headquarters  US  Air  Force,  Washington  25  D.  C, 

1  Director  of  Research  and  Technology,  Headquarters  US  Air  Force,  Washington  25,  D.  C., 

Attn:  AfDRT-HF 

7  Fnt  Air  Force  Base.  US  Army  Air  Defense  Command.  Colorado -Springs,  Colorado.  Attn: 

Colone.l  S.  J.  Ne«scei,  IC,  Command  Surgeon 

3  Iringley  Hesearch  Center.  National  Aeronautics  and  Space  Administration.  Lpngley  Field, 

Virginia.  Attn:  Lihrarian 

1  US  Air  Force.  Strategic  Air  Commond,  (SUPS)  Offutt  Air  Force  Base,  Nebraska 

2  US  Air  Force,  SAM  SSAMtSOl'P)  Brooks  Air  Force  Bose,  Texas 

1  US  Air  Force  Aerospace  Medical  Center  (ATC) ,  l5Ar  Hospital ,  Ipckland  Air  Force  Base,  Texan 

L  Wright  Air  Development- Division,  Wright-Pitterson  Air  Force  Base,  Chio,  Attn:  WWBDAS 
Aerospace  Medical  Library 


GOVrjWJOITAL  -  AGDiCIES 


No.  of 
Copies 


^  *“"=  HoyJ«ad* 

*  ^ilding***^*’*'"*^*  Auency.  2430  E.  Street.  N.  ».,  Washington.  1).  C..  Attn;  1331.  B«S 

^  Atomic  Support -Agency,  fsshingica  25.  P.  C..  Attn;  Document  Library 


1  Civil  AerosoJirai  Research  Institute,  redeiol  Aviation  Agency.  Post  Office  B«  1082. 
Oklnhocq  City.  Cfeluhcsa 

1  Civil  Cefense  KoiiiHiotion.  Technical  Refer.-aoe  Uircry.  Battle  Creek.  Michigan.  Attic 

Virginia  A.  Stogg-.-rs.  Director  ••  .  v 

2  Naticnal  Institute  of  health.  Ncticr.al  Cotcer  luji-rute.  Hodiatiou  Branch.  Bethesdo  14. 

.Vary  land 

1  National  institute  of  He-illh.  Lihroiy.  Soiliiog  10  Boer  SM18,  Bethesda  14,  .Vbryloiiif. 
Attn:  Acquisitions  Section 

I  tkitional  Institutes  of  Health.  Divisico  of  ReSe::ch  Cr'aits.  In f orpa't i on  Office,  Belhvsda 
14.  Maryland 

1  National  Library  of  ;*.dicir.e.  Washington  25,  D.  C..  Attn:  Head  Acquisition  Section 

1  National  Researc!-  Council.  Division  of  >4raiCii  Sciences,  Medical  Records  2101, 

Constitution  Avenue.  N-  W.,  heshingten  25.  D.  C. 

2  US  Atoaic  Lhergy  Ceoaission.  Division  of  r.ioiogy  <s>d  LWdicine.  Vashington  23.  P.  C.. 

Attn:  Robert  i„  Corsl:ie 

I  US  Atoiic  i'l.ergy  Ccct.ission.  Office  of  7-cfciiccl  Inipirction  Extension.  -Post  Office  Box 
t‘2.  Ouk  Ridge,  Tennessee 

OlHEii  ACTSClnS 


1  Arctic  Health  liesearck  Center,  Likrcry,  Box  SCO,  Anchorage.  Alaska 

2  Boeing  Airplane  Caf(xiny.  Aerosicce  Division,  Seattle  23,  Washington,  Attn:  Dr,  Roeaey 

H.  Lo»ry,Box  19-29,  Chief.  Spoce  .Medicine  Section 

1  Boeing  Airplane  Coapuny.  Lihraty.  Wichita  Dirtsicn.  Wichita  1.  Kansas 

I  Boeing  Airplane  Ccepany.  Central  Medical  Litrary.  Box  11^40.  Post  Office  Bos  3707,  Seattle 
24,  Washington 

1  Brookhaven  National  I/d:otatory.  Pesearch  library,  fptsn,  Lcng  Island.  Ne»  York 

2  Division  of  Radiological  Health  •  ESS  •  Pepertaent  of  Health  Education  and  Welfare. 

Rood  $829  South  llf>'  Building.  Washington  25.  P.  C. 

I  General  Electric  Corpany,  .Advanced  Electronics  Center  at  Cornell  University.  Ithaca. 

Now  York.  Attn;  Library 

1  General  Electric  Conjnny,  Technical  Xililcxy  Planning  Operation.  HXTO  Library,  735  State 
Street,  Santa  Barbara.  California 

1  John  Crerar  Library.  £6  East  Rcncclfh  Street.  Chicago  1,  Illinois 

2  Kings  County  Hospital.  Departsent  of  Anesthesiology.  Ivooklyn.  Ne»  York.  Attn;  Dr.  S. 

ff.  Weitzner 

1  binkencu  Hospital,  Division  of  Research.  Lcnccctc;  an-i  City  Line  .Avenues,  rhilodelihia 
31,  IVnnsylvania 

1  Linfield  Research  Institute.  Mcyinnville,  Oregon 

1  Hc'/o  Clinic.  Section  of  Biophysics,  Rochester.  Minnesotc.  Attn:  Dr.  Kenneth  N.  Ogle 
1  Mercy  Hospital.  Anesthesia  heseoich  Lchstatory.  Pittsburgh  19.  IVnnsylvania 

1  Motorola  Incorporated.  Systvrs  Research  Laboratory.  9330  Indicmu  .Avenye.  Riverside.  ' 
Cilifornia 

7  National  Aeronautics  and  Space  Adsinistratiaa.  1520  K.  Street.  N.  V..  Washington  25. 

S.  C..  Attn:  Bertrua  A.  fAilcchy.  Asst,  l-iieclcr  for  Technical  Inforxatiaa 

1  Rand  Corporation,  17G0  Main  Street.  Sa:ita  Maiica.  Colifotnie.  Attn:  Library 

1  Systees  Research  Center.  Lockheed  electronics  Conpony,  pul  Office  Box  37,  Bedvinstcr. 

Nee  Jersey 

Ye^s  Iribui-itories  of  Ptinote  Biology.  Inccspoiated.  Orange  Park.  Florida.  Attn: 
iXr .  A.  J.  Rio]«lle 


1 


MEDICAL  (JOUZGE/SCHOCL  LlBRAHltS  -AND  DEPAKndOS 

Ms.  sf 

Copies 

1  Albany  Mediool  Celle9e  Library.  Ne«'S<»tlQ&d  Avenue.  Albany  8.  Se«  Tork 

1  Boeaoa  Cray  Scbosl  of  tfedicine  Library.  Tinston-SoJes.  Nortb  Corsluia 

1  Colley  of  HHical  Evon^liets.  Vernier  Badcliffe  Kenori^l  Lrborotory.  Ibsa-Lin^. 
Giliforaia 

1  Collepe  of  ikdioal  Evangelists.  Vhite  Mecorlal  Medical  |.ibrc(ry.  1720  Brooklyn  Avenue. 

Los  Agneles  33.  California 

1  College  of  Ibysicigns  of  FbiladeJpKia.  Library.  19  South  22Bd  Street.  Riiladelphia  3. 
Benssylvonia 

1  Coluibia  University  Medical  Library.  630  ^est  16dth  Street.  Nee  York  32.  Nee  York 
1  Cornell  University  Medical  College  Library.  1300  York  Avenue.  Nee  York  21.  Nee  Vork 
I  Orei^ttn  University,  .Medical  fborrocy  Librery.  1401  Devenport . 'OBcha  2.  Nebrosta 
1  DhrtEOUth  College  Medical  Library.  Baker  Building.  Hanover,  New  Honp^ire 

1  Florioa  Stole  University.  Depcrtseiit  of  psychology.  Tallahassee,  risrids.  Attn;  Dr. 

S.  S.  Doesoo 

1  liarvard  Medical  library,  25  Shet.tuck  Street.  Bosteo  1-5,  jesssachusetts.  Attn;  Library 

1  Indiceia  University  Medical  Center,  School  of  Medicine  Library.  llOOlAest  Michigan  Street. 
Indianapolis  7.  Indiana 

1  Indiana  University  Medical  Center.  1190  Vest  Midi igan  Street.  I’ndionapolis  7,  Indiano. 
Attn:  Dr,  Harris  B  Shueocker.  Jr.,  professor  of  Surgery 

1  Jefferson  Medical  College  Ubrory.  1025  *alnut  Street.  J%ii.Jodel?hia  7.  ftnnsylvania 

1  Johns  Hopkins  University.  Itelcb  Meaical  Library.  1900  E.  Monuisent  Street,  OeltiKore  5. 

Maryland 

1  Jehns  Hopkins  University,  Cperotioss  Beseorch  Office,  Bethesdn  14,  Ifcryiaad.  Attn; 

librory 

1  Merguette  University.  Medicoi -Dental  Library.  5t*0  North  16th  Street.  Milvaukee  3. 
Tinconsin 

1  Medical  College  of  Virginia.  Toirpkins-McCov  Library.  •Rithaond  19,  Virginia 
1  Nee  York  Acodeny  of  Medicine,  Library.  2  East  103rd  Street.  Nee  York.  29.  N«»  Yotk 

1  Nee  York  University  .Medical  Center.  Medical  Library,  550  First  Avenue.  Nee  York  19. 

Nee  York' 

1  Nortbeestern  University,  Kviicnl  School,  Archibald  Church  Library,  303  E,  Oiicogn  Avenue, 
Qiicago  11,  Illinois 

I  (fcio  State  University.  The  Chesical  Abstracts  Service.  Colueius  ID,  Chio 

1  Clio  State  University,  Engineering  Exf-eriaent  Station,  The  Svsleas  Beseerch  Group,  156  W. 

19th  Avenue.  Colurbus  10.  (tsio 

1  Olio  State  University.  &bool  of  Optoaetry.  Colurbus  ID,  Olio 

1  ftsih  Medical  College  library,  175S  Vest  Harrison  Street,  Chicago  12.  Illinois 

1  Stanford  University,  iPne  Medical  library.  300  Pbsieur  Hood.  Pslo  .Alto.  California 
1  St.  Louis  University.  Medical  St^hool  Library.  1402  South  Grand  Boulevard.  St  loui*  «. 
Missouri 

1  Stale  Utaiversity  of  low.  College  of  Medicine  Library.  Medico)  Ipboralories  Biilding. 
leva  City,  low 

1  State  University  of  Ne*  York,  Do*T.stcte  Medical  Center.  450  Clarkson  Avenue,  Brooklyn  3. 
Nev  York,  Attn;  Moaicol  Ubrarlan 

I  Tesoi  University  Medical  Center  L>brcry.  Jesse  H,  Jones  library  Rjilding,  Houston  25, 
Texas 

1  Tulsae  University  School  of  ttdicire.  1430  Tulone  Avenue.  New  Orleans  12.  Ixuislana. 
Attn:  G.  E.  Burt*.  X.D..  Frofeiscr  of  Medicine 


iCDICSL  eOUECE/SOJOOL  LIBRARIES  AKD  ECPAHTKJOS 

No.  of 
Ccpica 

1  VsnderLilt  University.  Sdool  of  Wiaicine.  NasLville  5.  Tcnaeme.  Atta:  George  N. 

Keneely.  N.  D,.  Director.  Radioisotope  Crater 

2  Test  Virginia  University.  Medical  Center  Library.  Morgcntom.  test  Virgiaia 

1  University  of  Ali&ama.  Medical  Center  library.  ISIS  Seventh  Avenue  South.  Birteiaghai  3. 
AIc^>ana 

1  University  of  Arkansas.  Medical  Center  Library.  43C1  Nest  S|tarhhae.  Little  Bock.  Arkansas 
1  University  of  Buffalo.  Health  Sciences  Library.  Copen  Hall  141.  Buffalo  14.  Nca  York 
1  University  of  Buffalo,  psychology  Oepartsent..  Buffalo.  JJea  York 

1  University  of  California.  Medical  Center.  Bicivdicsl  Librory.  los  Abgeles  24.  California 

1  University  of  California.  1301  South  4Sth  Street.  Blclirond  4.  Colifornia.  Attn:  Civil 
Defense  Pes'-arch  Project 

1  University  of  Q.icago.  US  -Air  Force  Radiation  .Icboratory.  930  E.  Sflth  Street.  Cbicogo  37. 
liiinois  Attn:  Director 

1  University  of  Cincinnati.  Kettering  Laboratory.  Eden  and  BethesCa  Avenues. -Cincijinoti  19. 
Ohio 

1  University  of  Florioa.  College  of  Medicine.  IVeportvent  of  fhysiology.  Cticesvllle.  Florida 

Attn;  br.  Melvin  J.  Fregly 

2  University  of  Illinois.  Aeroredical  Icboratory.  S40  South  Tood  Street.  ChiCa^  12.  Illinois 
1  Ihiivirsity  of  Illinois.  Pocuecnt*  Division.,  Urbano.  Illinois  Attn:  Librarian 

1  University  of  Kotisas  Medical  Center,  Clendening  Medical  Library.  Kansas  City  12.  Kansas 

3  University  of  lauisviJle.  S<:diool  of  Medicine  Library.  101  W.  Chestnut  Street.  Louisville 

S.  Kentucky 

1  University  of  Maryland.  Health  Sciences  Librory,  Serials  Departsent.  Ill  South  Greene  Street. 
Baltiitore  1,  Harylond 

1  University  of  Michigan.  Serials  ond  Documents  Section.  General  Librcry.  Ann  Arbor.  Michigan 
1  University  of  Minnesota  Libtoty.  f^tiols  Division,  Minneopolis.ll,  Minnesota 

1  University  of  Missouri.  Medical  library,  Booa  M210  Medical  Sciences  Building.  Cplunbio. 
Missouri 

1  University  of  Nebraska,  College  of  Medicine  Library,  42nd  and  Deoey  Avenue,  Oeaho  3, 

Nebraska 

’  University  of  North  Carolina,  Mescrial  Hospital,  Dlvinica  of  Health  Affairs  Library, 

Chopel  Hill,  North  Carolina 

1  University  of  Oklahona  >iedical  Center,  Library.  801  N.  E.  13th  Street,  Oklabona  City  4, 
Cklchoma 

1  University  of  Oregon,  Medico!  School  Library.  Portland  1.  Oregon,  Attn:  librariaa 

1  University  of  Pittsburgh.  Falk  library  of  the  Health  Professions,  Pittsburgh  13. 

Penasylvonin 

1  University  of  Rochester,  Atocic  Energy  Project,  Technical  Report  Control  Unit.  Post 
Office  Bex  28'/.  Station  3.  Rochester  20,  New  York 

1  L’nlversity  of  Rocdiester.  Strong  Merorial  Hospital,  250  Crittenden  Boulevord.  Rochester 

20.  New  York 

3  University  of  Southern  California.  School  of  Medicine  Library,  202S  Zonal  Avenue.  lp« 
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